
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
88

9 
55

4
A

1

(Cont. next page)

*EP003889554A1*
(11) EP 3 889 554 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
06.10.2021 Bulletin 2021/40

(21) Application number: 21162606.4

(22) Date of filing: 05.04.2018

(51) Int Cl.:
G01F 1/66 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
18165942.6 / 3 550 272

(71) Applicant: Kamstrup A/S
8660 Skanderborg (DK)

(72) Inventors:  
• Pilegaard, Lasse

DK-8700 Horsens (DK)

• Hedegaard, Anders
DK-8382 Hinnerup (DK)

• Aarøe, Kaspar Raahede
DK-8382 Hinnerup (DK)

(74) Representative: Plougmann Vingtoft a/s
Strandvejen 70
2900 Hellerup (DK)

Remarks: 
•This application was filed on 15-03-2021 as a 
divisional application to the application mentioned 
under INID code 62.
•Claims filed after the date of receipt of divisonal 
application (Rule 68(4) EPC).

(54) COMPACT ULTRASONIC FLOWMETER

(57) Compact ultrasonic flowmeter for measuring flowrate and other fluid related data, comprising: a flow tube with
a flow bore for passage of the fluid between an inlet and an outlet; a flowmeter housing associated with the flow tube;
a printed circuit board arranged in the flowmeter housing and including a processor for controlling operations of the
flowmeter; a meter circuit including two or more ultrasonic transducers provided on the printed circuit board and configured
for operating the ultrasonic transducers to transmit and receive ultrasonic wave packets through the fluid; a display
mounted on the printed circuit board and configured for displaying a measured flowrate and other fluid related data; and
one or more battery packs for powering flowmeter operations including at least the processor and the meter circuit and
the display; wherein the processor and the ultrasonic transducers are surface mounted on a lower side of the printed
circuit board and the display is mounted on an upper side of the printed circuit board.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to ultrasonic flow-
meters for measuring flowrate and other fluid related da-
ta, the flowmeters comprising a flow tube and a flowmeter
housing containing flowmeter components including a
printed circuit board with surface components on one
side.

BACKGROUND OF THE INVENTION

[0002] Electronic or steady state flowmeters, such as
ultrasonic flowmeters, are increasingly being used as util-
ity meters for measuring water consumption. Compared
to traditional mechanical flowmeters, an ultrasonic flow-
meter provides the advantage of having no moving parts.
Another advantage is the electronic nature of ultrasonic
flowmeters. As ultrasonic flowmeters include a power
source for powering the measurement circuit, often a bat-
tery, a radio communication device for external commu-
nication may also be integrated. Furthermore, ultrasonic
flowmeters often include onboard processing capabili-
ties, making data processing available in the meter.
[0003] With an increasing focus on environmental is-
sues, including water scarcity, water metering is on the
rise resulting in more metering points on a global scale.
Additionally, advancements in sensor technology and
data processing have made it possible to gather new
types of data and to use that data for new purposes, such
as leak detection, water quality assessments, etc., rather
than just water consumption.
[0004] With an increasing number of metering points,
water meter manufacturability becomes an important fac-
tor and even minor improvements may have a significant
impact on the total cost of a metering infrastructure in-
cluding tenth of thousands of meters. Hence, an im-
proved more compact and manufacturing friendly ultra-
sonic flowmeter would be advantageous.

OBJECT OF THE INVENTION

[0005] It is an object of the present invention to wholly
or partly overcome disadvantages and drawbacks of the
prior art. More specifically, it is an object to provide a
compact and manufacturing friendly ultrasonic flowme-
ter.

SUMMARY OF THE INVENTION

[0006] Thus, the above described object and several
other objects are intended to be obtained in a first em-
bodiment of the invention by providing a compact ultra-
sonic flowmeter for measuring flowrate and other fluid
related data, comprising: a flow tube with a flow bore for
passage of the fluid between an inlet and an outlet; a
flowmeter housing associated with the flow tube; a print-

ed circuit board arranged in the flowmeter housing and
including a processor for controlling operations of the
flowmeter; a meter circuit including two or more ultrasonic
transducers provided on the printed circuit board and
configured for operating the ultrasonic transducers to
transmit and receive ultrasonic wave packets through the
fluid; a display mounted on the printed circuit board and
configured for displaying a measured flowrate and other
fluid related data; and one or more battery packs for pow-
ering flowmeter operations including at least the proces-
sor and the meter circuit and the display; wherein the
processor and the ultrasonic transducers are surface
mounted on a lower side of the printed circuit board and
the display is mounted on an upper side of the printed
circuit board.
[0007] By arranging surface mounted devices on one
side of the printed circuit board and through hole com-
ponents on the opposite side, an effective and reliable
manufacturing process may be achieved. Additionally,
by fitting electronic components associated with core
flowmeter functionality onto one printed circuit board, a
compact ultrasonic flowmeter is achievable.
[0008] In one embodiment, the flowmeter housing may
be integrated with the flow tube, e.g. by being cast as a
fully integrated monolithic component. Embodiments of
the compact ultrasonic flowmeter may also be provided
with a single printed circuit board wherein the processor
and the ultrasonic transducers are surface mounted on
a lower side of the single printed circuit board and the
display is mounted on an upper side of the single printed
circuit board.
[0009] By integrating the flowmeter housing with the
flow tube and fitting all circuits and electronic components
onto a single printed circuit board, a very compact and
manufacturing friendly ultrasonic flowmeter is achieved.
[0010] The ultrasonic flowmeter may further comprise
a front plate provided with an opening for receiving a
display, and the front plate may be arrange in flush with
the display, such as 10-40 mm above the printed circuit
board. Hereby the ultrasonic flowmeter is kept compact.
[0011] Additionally, the front plate may substantially
cover the printed circuit board. Hereby the printed circuit
board is shielded and protected by the front plate. The
ultrasonic flowmeter described above may also comprise
a container arranged on top of the printed circuit board,
wherein the container is provided with a through-going
opening 173 for receiving the display and configured to
protect the printed circuit board and other components
mounted thereon.
[0012] Moreover, the ultrasonic flowmeter may com-
prise a radio communication device mounted on the print-
ed circuit board, wherein the radio communication device
is electrically coupled to an antenna element via a radio
circuit, and the antenna element is mounted on the con-
tainer and releasably coupled to the radio circuit. Here,
the antenna element may be mounted on a side face of
the container.
[0013] Additionally, the radio communication device
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may be configured to detect whether it is electrically con-
nected to the antenna element and the processor may
be configured to determine that the container has been
lifted above the printed circuit board based on input from
the radio communication device, that the electrical con-
nection to the antenna element has been disconnected.
[0014] The ability to determine whether the container
has been lifted based on detection of the antenna ele-
ment may provide a tamper detection functionality as the
container and front plate shields and protects the printed
circuit board including the metering circuit.
[0015] Further, the antenna element may be connect-
ed to the radio circuit via connectors provided on the print-
ed circuit board and/or the antenna element. Also, the
connectors and/or mating connector surfaces may be ar-
ranged on the printed circuit board along its periphery,
corresponding to the position of the antenna element on
the container. Such connectors may for example be of
the spring contact connector type.
[0016] Additionally, the front plate may constitute a lid
for the container and the container may contain a desic-
cant.
[0017] Furthermore, the ultrasonic transducers may be
positioned on transducer areas provided on an outer sur-
face of the flow tube, or on an upper surface of a bottom
part of a separate flow meter housing mounted on a flow
tube.
[0018] In one embodiment of the compact ultrasonic
flowmeter described above, backing devices may be ar-
ranged on the printed circuit board opposite the trans-
ducers to providing a holding force pressing a lower side
of the transducers against the transducer areas, i.e. the
flow tube. Such backing devices may be mounted on top
of the printed circuit board to apply the holding force to
an area of the printed circuit board containing the ultra-
sonic transducers. The backing devices may comprise a
backing element abutting the transducer and/or the print-
ed circuit board and a restrained resilient member con-
figured to provide the holding force. Furthermore, the
backing device may include a bracket element arranged
to displaceably receive the backing element and the re-
silient member in the form of a helical spring retained
between the bracket element and the backing element.
Additionally, a lower side of the ultrasonic transducers
may be secured to the transducer areas by a non-hard-
ening adhesive, such as a butyl containing adhesive.
[0019] Furthermore, the ultrasonic transducers may be
mounted on islands provided in the printed circuit board
being connected with the remaining printed circuit board
via tongues of the printed circuit board containing copper
traces for electrically connecting the ultrasonic transduc-
ers to the remaining meter circuit. Such design provides
a certain resilience to the design and allows limited trans-
ducer displacement towards the flow tube.
[0020] Additionally, the ultrasonic flowmeter may be a
utility meter for meter water consumption or a utility meter
for metering fluid flow in a heat or cooling meter installa-
tion. The ultrasonic flowmeter described above may also

additionally include a temperature probe for measuring
the temperature of a fluid flowing through the flow tube.
[0021] Moreover, the ultrasonic flowmeter may be con-
figured to include registers for storing meter data, such
as flow-, volume- and/or consumption data. The ultra-
sonic flowmeter may also store other meter data, such
as event- or performance data related to the operation
of the meter or data related to other sensors (internal of
external) connected to the meter.
[0022] The above described embodiments may each
be combined with any of the other embodiments. These
and other embodiments will be apparent from and eluci-
dated with reference to the embodiments described here-
inafter.

BRIEF DESCRIPTION OF THE FIGURES

[0023] The compact ultrasonic flowmeter according to
the invention will now be described in more detail with
regard to the accompanying figures. The figures show
one way of implementing the present invention and is not
to be construed as being limiting to other possible em-
bodiments falling within the scope of the attached claim
set.

Figure 1a shows a compact ultrasonic flowmeter,

Figure 1b shows a transversal cross-section of an
ultrasonic flowmeter,

Figure 1c shows a longitudinal cross-section of an
ultrasonic flowmeter,

Figure 2 shows a compact ultrasonic flowmeter with
an open flowmeter housing,

Figure 3a shows the insides of the compact ultra-
sonic flowmeter,

Figure 3b shows a longitudinal cross-section of the
insides of the compact ultrasonic flowmeter,

Figure 4 shows a printed circuit board of a compact
ultrasonic flowmeter,

Figure 5 shows a desiccant container including a
front plate,

Figure 6 shows a desiccant container without a front
plate,

Figure 7 shows an upper side of a printed circuit
board of a compact ultrasonic flowmeter,

Figure 8 shows a lower side of a printed circuit board
of a compact ultrasonic flowmeter, and

Figure 9 shows a cross-section of a transducer back-
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ing device.

DETAILED DESCRIPTION

[0024] Fig. 1a, 1b, and 1c illustrate a compact ultra-
sonic flowmeter 1 according to one embodiment of the
invention. The flowmeter comprises a flow tube 11 with
a flow bore 111 for passage of the fluid between an inlet
112 and an outlet 113. A flowmeter housing 12 is formed
as an integrated part of the flow tube thereby providing
a compartment for meter components arranged at the
flow tube to measure the flow rate of a fluid flowing in the
flow bore. The flowmeter housing is closed-off by a lid
121 constituted by a locking ring 122 and a transparent
cover element 124. Between the lid and the flow meter
housing a sealing element 123 is arranged to provide a
hermetical seal.
[0025] Inside the flowmeter housing a printed circuit
board (PCB) 13 including a processor 135 for controlling
operations of the flowmeter is arranged. The PCB further
includes a meter circuit (not shown) and two ultrasonic
transducers 14 mounted on its lower side 131. A lower
side 141 of the ultrasonic transducers opposite an upper
side connected to the PCB, is arranged against an outer
surface of the flow tube 11. The meter circuit is configured
for operating the ultrasonic transducers to transmit and
receive ultrasonic wave packets through the flow tube
and a fluid present in the flow bore. On an upper side of
the PCB 132 a display 15, configured for displaying a
measured flowrate and other fluid related data, is mount-
ed. A socket connector 155 and a set of diodes 156 con-
figured for infra-red communications are also provide on
an upper side of the PCB.
[0026] Referring to Fig. 7 and 8, the lower side of the
PCB contains the surface mounted devices (SMDs),
such as the piezoelectric ultrasonic transducers 14 and
the processor 135, and the upper side of the PCB con-
tains through hole components mounted by a selective
soldering process. The upper side components, includ-
ing the display, are provided with pins 151 which are ar-
ranged in through holes in the printed circuit board and
selective soldered on the lower side of the PCB. By
mounting SMDs on one side only, an effective and reli-
able manufacturing process may be achieved. Addition-
ally, by mounting the through hole components on the
upper side 132 and soldering these on the lower side,
the manufacturing process may be further improved.
However, the selective soldering process associated
with the through hole components requires a certain
spacing between SMDs and areas of the PCB in which
selective soldering is used.
[0027] The flowmeter shown in Fig. 1a-1c further in-
cludes two battery packs 16 for powering flowmeter op-
erations including the processor, the meter circuit and
the display. In alternative embodiments fewer or more
battery packs may also be used. To effectuate a compact
and handy design suitable for automated mass produc-
tion, the battery packs are mounted directly on the PCB

by battery pins 161 extending through plated through
holes 135 in the PCB as shown in Fig. 3b and Fig. 4. The
battery pins are compliant pins that are deformed upon
insertion into the plated through holes. The deformation
of the battery pins ensure the necessary electrical contact
between the pin and the PCB copper traces and secures
the battery pact to the PCB. In the shown embodiment,
the battery cells 162 are mounted in battery holders 163
including the battery pins. However, in alternative em-
bodiments the battery pins may be fixed directly to the
poles of the battery cells, e.g. by welding. Each of the
battery holders comprises a rigid element 164 provided
with two battery pins in opposite ends. A battery cell may
be fixated between the pins as a sub-assembly, which
subsequently can be mounted on a PCB.
[0028] As seen from Fig. 1, the battery packs are
mounted on the lower side of the PCB and extend in a
longitudinal direction of the flowmeter along the flow tube.
With the PCB mounted in the housing, the battery packs
are arranged on opposite sides of the flow tube providing
a compact design. By arranging the batteries underneath
the PCB, the space inside the housing is fully utilized.
Further, the batteries are supported on a bottom face of
the housing thereby maintaining the battery pins in the
plated through holes 135.
[0029] The ultrasonic flowmeter further comprising a
radio communication device 18 mounted on the lower
side of the printed circuit board. The radio communication
device is connected to a radio circuit implemented on the
PCB. Via the radio circuit the communication device is
electrically coupled to an antenna element 181 as will be
further explained below. The radio communication de-
vice serves to transmit meter data via radio frequency
communication to a back end- or head end system (HES)
wherein meter data is stored and processed, such as for
billing purposes. The radio communication device may
provide both one-way and two-way communication be-
tween the flowmeter and head end system. Automated
meter reading (AMR) advanced meter infrastructure
(AMI) systems are commonly known for communicating
with utility meters. In an AMI a communication path is
established between the utility meter and the HES via a
number of intermediate network devices such as data
collectors, repeaters, routers gateways etc. The utility
meters may deliver any data obtained by the meter or
external sensors connected to it to the HES, however the
capacity of the AMI and the battery capacity of the utility
meters M will limit the amount of data that can be trans-
mitted. The AMI may use any suitable technology for car-
rying data from the utility meter to the HES over one or
more local area networks or wide area networks including
connections to the open internet. The AMI may use any
suitable wireless technology (e.g. wireless M-Bus, Nar-
row band loT, SigFox, any cellular technologies or pro-
prietary communication protocols) or any wired commu-
nication technologies (e.g. wired M-Bus, LON, Ethernet).
[0030] Still referring to Fig. 1a-1c, a container 17 is
provided on top of the PCB. The container comprises a
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compartment for containing a desiccant and the front
plate 171 constitutes a lid for the container as seen from
Fig. 5 and 6. The desiccant ensures that moisture pen-
etrating into the flowmeter housing, such as water mol-
ecules penetrating through its wall, are absorbed and
thus does not negatively affect components arranged in
the housing. The container further serves to protect or
shield the PCB and components mounted thereon. As
seen, only the display and diodes are visible as these
are received in through-going openings 172, 173 provid-
ed in the container and the front plate. In an alternative
embodiment no components or only the display may be
received in openings in the container.
[0031] As seen from Fig. 3a and 5, the container further
includes an antenna element 181 mounted on its circum-
ferential side face. In the shown embodiment, the anten-
na element is a piece of conducting material, such as a
stamped out piece of metal, shaped to follow the outer
contour of the container. In an alternative embodiment,
the antenna element could be a patch antenna or a trace
deposited directly on the side of the container. The an-
tenna element 181 is connected to the radio circuit on
the PCB via connectors 183. The connectors engage with
mating connector surfaces 184 arranged on the PCB,
seen in Fig. 4.
[0032] The container and antenna element thus con-
stitute an independent subassembly that may be manu-
factured and mounted in the housing during the final as-
sembly of the flowmeter. Arranging the container on top
of the PCB serves to protect the PCB and components
mounted thereon. Further, a compact design is achieved
as the container is designed to encompass components
extending from the PCB. Also, the container serves to
position the front plate 10-40 mm above the printed circuit
board.
[0033] The radio communication device is configured
to detect whether an electrical connection exists between
the antenna element and its connectors 183 and the radio
circuit. Based on input from the radio communication de-
vice, the meter processor 135 may thus determine wheth-
er the antenna element is connected to the radio circuit.
Based on this determination, the processor may deter-
mine whether the container including the antenna ele-
ment is properly mounted on top of the PCB of whether
the container has been lifted above the PCB. Lifting of
the container, i.e. disconnection of the antenna element,
may indicate a tampering event or other unauthorized
access to the meter electronics. If the processor deter-
mines that the antenna has been disconnected, the proc-
essor may store the event in a logger of the flowmeter
and effectuate transmission, via the radio communication
device, of an alarm or other information indicating a that
a potential tampering event has taken place. The con-
tainer subassembly thus also serves as a tamper detect-
ing element designed to protect meter electronics and to
warn about possible tampering.
[0034] As described above with reference to Fig. 1c, a
lower side 141 of the ultrasonic transducers are arranged

against an outer surface of the flow tube 11. The area of
the flow tube receiving the transducers may be dedicated
transducer areas wherein the thickness of the flow tube
may be controlled to match the characteristics of the
transducers. In alternative embodiments wherein the
flowmeter housing constituted by a separate entity
mounted on a flow tube (not shown), the transducers may
be arranged against transducer areas provided on an
upper or inside surface of a bottom part of the flow meter
housing arranged to be in contact with a flowing medium
in the flow tube, i.e. constituting part of the flow tube.
[0035] Referring to Fig. 2 and Fig. 4, backing devices
19 are arranged on the PCB opposite the transducers.
The backing devices are arranged to provide a holding
force to the area of the PCB containing the ultrasonic
transducers, thereby pressing the lower side of the trans-
ducers against the transducer areas, i.e. the flow tube.
In Fig. 2, only one of two backing devices is shown to
illustrate how the backing devices are mounted on
mounting structures 125 extending from and integrated
with the flow tube. By mounting the backing device di-
rectly to the flow tube, sufficient holding force may be
obtained to keep the transducers in place for the duration
of the lifetime of the meter. Each of the backing devices
comprises a bracket element 192 fixed to the mounting
structures and spring biased backing element 191 mov-
able in a bore of the bracket element. A helical spring
193 is retained between the bracket element and the
backing element providing the holding force. In the shown
embodiment, the bracket element is fixed to the flow tube
by screws but other fixing means may also be used, such
as snap-mechanisms, etc.
[0036] Alternatively, the backing devices may be com-
prised by a resilient member secured to the mounting
structure and an associated backing element abutting
the printed circuit board. The resilient member may be a
leaf spring or a piece of polymer or rubber material having
a certain resilience.
[0037] Furthermore, a lower side of the ultrasonic
transducers are secured to the transducer areas by a
non-hardening adhesive, such as a butyl containing ad-
hesive. The adhesive connects the transducers to the
flow tube thereby improving the transfer of vibrations be-
tween the transducers and a fluid in the flow bore. The
combined use of a backing device and a non-hardening
adhesive ensure a durable construction wherein suffi-
cient contact between the transducers and the flow tube
is maintained for extended periods of operation. Good
vibration- or signal transfer between the transducers and
the fluid is important for the signal quality and may thus
affect flow measurements.
[0038] As seen from Fig. 7 and Fig. 8 the ultrasonic
transducers may additionally be mounted on displacea-
ble islands 133 provided in the printed circuit board. The
islands are connected with the remaining printed circuit
board via tongues 134 of PCB containing providing a
certain resilience. Hereby the part of the PCB containing
the transducers may be displaced towards the flow tube
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to ensure good contact between the flow tube and the
transducers. The resilience provided by the tongues also
isolates the reminder of the PCB from transducer vibra-
tions. Further, copper traces are provided on the PCB
tongues to connect the transducers to the remaining me-
ter circuit.
[0039] In the following embodiments E1-E13 will be
defined.

E1. A compact ultrasonic flowmeter (1) for measur-
ing flowrate and other fluid related data, comprising:

- a flow tube (3) with a flow bore (31) for passage
of the fluid between an inlet (32) and an outlet
(33);

- a flowmeter housing (12) associated with the
flow tube;

- a printed circuit board (13) arranged in the flow-
meter housing and including a processor (135)
for controlling operations of the flowmeter;

- a meter circuit including two or more ultrasonic
transducers (4) provided on the printed circuit
board and configured for operating the ultrason-
ic transducers to transmit and receive ultrasonic
wave packets through the fluid;

- a display (15) mounted on the printed circuit
board and configured for displaying a measured
flowrate and other fluid related data;

- one or more battery packs for powering flowm-
eter operations including at least the processor
and the meter circuit and the display;

characterized in the processor and the ultrasonic
transducers being surface mounted on a lower side
(131) of the printed circuit board and the display be-
ing mounted on an upper side (132) of the printed
circuit board.

E2. A compact ultrasonic flowmeter according to E1,
and comprising a single printed circuit board and
wherein the flowmeter housing is integrated with the
flow tube.

E3. A compact ultrasonic flowmeter according to E1
or E2, further comprising a container (17) arranged
on top of the printed circuit board, the container being
provided with a through-going opening for receiving
the display and configured to protect the printed cir-
cuit board and other components arranged in the
flowmeter housing.

E4. A compact ultrasonic flowmeter according to E3,
further comprising a front plate (171) providing a lid
for the container, wherein the front plate is provided
with an opening (172) for receiving a display (15)
and the front plate is arrange in flush with the display.

E5. A compact ultrasonic flowmeter according to E3

or E4, further comprising a radio communication de-
vice (18) mounted on the printed circuit board, the
radio communication device being electrically cou-
pled to an antenna element (181) via a radio circuit
(182), wherein the antenna element is mounted on
the container and releasably coupled to the radio
circuit.

E6. A compact ultrasonic flowmeter according to E5,
wherein the radio communication device is config-
ured to detect whether it is electrically connected to
the antenna element and the processor is configured
to determine that the container has been lifted above
the printed circuit board based on input from the radio
communication device, that the electrical connection
to the antenna element has been disconnected.

E7. A compact ultrasonic flowmeter according to E5
or E6, wherein the antenna element is connected to
the radio circuit via connectors (183) provided on the
printed circuit board and/or the antenna element.

E8. A compact ultrasonic flowmeter according to E7,
wherein the connectors and/or mating connector
surfaces (184) are arranged on the printed circuit
board along its periphery, corresponding to the po-
sition of the antenna element on the container.

E9. A compact ultrasonic flowmeter according to any
of E5-E8, wherein antenna element is mounted on
a side face of the container.

E10. A compact ultrasonic flowmeter according to
any of E1-E9, further comprising backing devices
(19) arranged to provide a holding force to each of
the transducers, forcing a lower side of the transduc-
ers against the transducer areas.

E11. A compact ultrasonic flowmeter according to
E10, wherein the backing devices are mounted on
top of the printed circuit board to apply the holding
force to an area of the printed circuit board containing
the ultrasonic transducers.

E12. A compact ultrasonic flowmeter according to
E10 or E11, wherein each of the backing devices
comprise a backing element (191) abutting the trans-
ducer and/or the printed circuit board and a re-
strained resilient member (193) configured to pro-
vide the holding force.

E13. A compact ultrasonic flowmeter according to
E12, wherein each of the backing devices include a
bracket element (192) arranged to displaceably re-
ceive the backing element and the resilient member
in the form of a helical spring (193) retained between
the bracket element and the backing element.
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[0040] Although the present invention has been de-
scribed in connection with the specified embodiments, it
should not be construed as being in anyway limited to
the presented examples. The scope of the present in-
vention is set out by the accompanying claim set. In the
context of the claims, the terms "comprising" or "com-
prises" do not exclude other possible elements or steps.
Also, the mentioning of references such as "a" or "an"
etc. should not be construed as excluding a plurality. The
use of reference signs in the claims with respect to ele-
ments indicated in the figures shall also not be construed
as limiting the scope of the invention. Furthermore, indi-
vidual features mentioned in different claims, may pos-
sibly be advantageously combined, and the mentioning
of these features in different claims does not exclude that
a combination of features is not possible and advanta-
geous.

Claims

1. A compact ultrasonic flowmeter (1) for measuring
flowrate and other fluid related data, comprising:

- a flow tube (11) with a flow bore (111) for pas-
sage of the fluid between an inlet (112) and an
outlet (113);
- a flowmeter housing (12) associated with the
flow tube;
- a printed circuit board (13) arranged in the flow-
meter housing and including a processor (135)
for controlling operations of the flowmeter;
- a meter circuit including two or more ultrasonic
transducers (14) provided on the printed circuit
board and configured for operating the ultrason-
ic transducers to transmit and receive ultrasonic
wave packets through the fluid;
- a display (15) mounted on the printed circuit
board and configured for displaying a measured
flowrate and other fluid related data;
- one or more battery packs (16) for powering
flowmeter operations including at least the proc-
essor and the meter circuit and the display;

characterized in that the ultrasonic flowmeter is
provided with a single printed circuit board (13)
wherein the processor (135) and the ultrasonic trans-
ducers (14) being surface mounted on a lower side
(131) of the single printed circuit board and the dis-
play being mounted on an upper side (132) of the
single printed circuit board and where the one or
more battery packs (16) are mounted on the lower
side of the printed circuit board and extend in longi-
tudinal direction of the flowmeter (1) along the flow
tube (11).

2. A compact ultrasonic flowmeter according to claim
1 where the one or more battery packs (16) are

mounted directly on the printed circuit board (13) by
battery pins (161) extending through plated through
holes (135) in the printed circuit board (13).

3. A compact ultrasonic flowmeter according to claims
1 or 2 wherein the batteries are supported on a bot-
tom face of the housing (12).

4. A compact ultrasonic flowmeter according to any of
claims 1 to 3, further comprising a container (17)
arranged on top of the printed circuit board, the con-
tainer being provided with a through-going opening
for receiving the display (15) and configured to pro-
tect the printed circuit board and other components
arranged in the flowmeter housing.

5. A compact ultrasonic flowmeter according to claim
4, further comprising a front plate (171) providing a
lid for the container, wherein the front plate is pro-
vided with an opening (172) for receiving the display
(15) and the front plate is arranged in flush with the
display.

6. A compact ultrasonic flowmeter according to any of
the preceding claims, further comprising backing de-
vices (19) arranged to provide a holding force to each
of the transducers, forcing a lower side of the trans-
ducers against the transducer areas.

7. A compact ultrasonic flowmeter according to claim
6, wherein the backing devices are mounted on top
of the printed circuit board (13) to apply the holding
force to an area of the printed circuit board containing
the ultrasonic transducers.
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